Reaction of 3,4,6-tri-O-acetyl-D-glucal with silver 4-nitrophenolate in the presence of N-iodosuccinimide and N-bromosuccinimide produced (2,6-dihalo-4-nitro)phenyl 2-halo-2-deoxy--D-glycopyranosides. Although bromination and iodination of the 4-nitrophenyl group could not be avoided, the resulting (2,6-dihalo-4-nitro)phenylated compounds can be used as substrates or covalent glycosidase inhibitors after deprotection. The stereoselectivity and regioselectivity of the halogenation reactions are described.
Glycosides of 2-deoxy sugars are integral moieties of several naturally occurring products, and their synthesis and bioactivity are therefore of interest [1] . Various methods through which 2-deoxy sugar derivatives can be synthesized in good yields have been described [2] [3] . Tatsuta et al. reported that glycals react with alcohols (methanol, ethanol, isopropyl alcohol, cyclohexanol, tertbutyl alcohol, and two types of pyranosyl alcohols) in the presence of a brominating reagent to give 2-bromo-2-deoxy--D-glycopyranosides, which could then be converted to the corresponding 2-deoxy glycopyranosides in high yields [2] . The key step of the synthesis involves the reaction of glycals with 1.5 molar equivalents of several alcohols in the presence of N-bromosuccinimide (NBS) in acetonitrile to give mainly the corresponding 2-bromo-2-deoxy--D-glycopyranosides. 4-nitrophenyl glycosides are important and well known as enzyme substrates, however, there are few reports on the synthesis and use of 4-nitrophenyl 2-deoxy glycosides [4] [5] . The present paper delineates a modified method, adapted from the report of Tatsuta, for the one-pot synthesis of 4-nitrophenyl 2-halogeno-2-deoxy-glycosides in the presence of N-halogenosuccinimide (NXS). We systematically explored 10 reaction conditions for the selective glycosylation of 3,4,6-tri-O-acetyl-D-glucal (1) in the presence of NXS (Scheme 1 and Table 1 ). At first, we checked the reactivity and selectivity of the reaction using ethanol (EtOH, 1.5 eq.) and NBS (1.2 eq.) in acetonitrile (CH 3 CN) as previously reported [2] , however the reaction proceeded only slightly (Table 1, Entry 1). When ethanol was used as solvent to increase the nucleophilicity, diastereomeric compounds (2 and 3) were formed quantitatively. Increasing the equivalent weight of the NBS improved the reaction rate but the stereoisomer ratio remained almost unchanged (Table 1 , Entries 2-4). When using N-iodosuccinimide (NIS), reactions proceeded similarly to those of NBS (Table 1 , Entries 8-10), however only trace amounts of products were formed when using N-chlorosuccinimide (NCS) ( Table 1 , Entries 5-7).
In the case of 4-nitrophenol as the nucleophile, with 1.2 equivalent of NXS in CH 3 CN, the desired reaction did not proceed, probably due to low nucleophilicity. Even phenol nor 4-methylphenol did not yield any product in these conditions. In order to increase the nucleophilicity of 4-nitrophenol, use of the corresponding silver salt was examined (Scheme 2 and Table 2 ). To a suspension of glucal and silver 4-nitrophenolate in CH 3 CN was added NXS at 0 o C, followed by stirring at room temperature for 24 h. However, the desired compound 4 was not obtained, but instead, NXS dihalogenation of the 4-nitrophenyl group as side reaction proceeded to give (2,6-dihalogeno-4-nitro)phenyl 2-deoxy- 
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2-halogeno--D-mannopyranoside
(5) [6] [7] . Glycosylation proceeded with unexpected bromination of the phenyl ring of the desired product 4 giving 5 as a sole product (Table 2 , Entries 2, 3). Silver 4-nitrophenolate was also chlorinated by NCS (X=Cl), however, our attempts at using NCS did not yield any 2-chloro-2-deoxy sugar derivatives as previously reported (Table 2 , Entry 6) [8] . Attempts at reaction of 4-nitrophenyl glycosides with NXS did not produce dihalogeno-4-nitrophenyl glycosides, so halogenation of phenyl ring probably occurs before glycosylation. In the case of N-iodosuccinimide (NIS), reactions proceeded with iodination of phenyl ring to give 5 (Table 2, Entry 7). Deprotection of the acetyl group of 5 proceeded under basic conditions using a solution of aqueous ammonium and 1,4-dioxane to give 6. However, 6 could not be obtained in the presence of sodium hydroxide (NaOH) as strong base because of side reactions including elimination of the bromo group. Although compound 4 was not obtained, the related compound 5 was synthesized by our improved method. Following deprotection, compound 6 can be used as substrate or inhibitor of carbohydrate-active enzymes [9] [10] [11] [12] . 
Experimental
Compounds were analyzed using Varian 400 MHz systems at the Okayama University Collaboration Center. The 1 H-NMR spectra were determined in CDCl 3 . NMR chemical shifts () are provided in parts per million (ppm), and coupling constants (J) are listed in Hz. The residual peak of chloroform (7.26 ppm) was used as a 1 H-NMR reference. TLC was carried out on a Merck Kieselgel 60 PF254. Column chromatography was performed using Merck Kieselgel 60 (0.063-0.200 mm). All chemicals used in this study were commercially available, and all of the organic solvents used in this study were dried over appropriate drying agents and distilled prior to use. of ethyl 3,4,6-tri-O-acetyl  2-halo-2-deoxy-D-glycosides (2 and 3) : the case of Nbromosuccinimide; To a solution of the 3,4,6-tri-O-acetyl-D-glucal (1, 0.13 g, 0.50 mmol) and MS3A in EtOH (5 mL) was added NBS (0.11 g, 0.60 mmol) at 0 o C. The resulting solution was stirred at the same temperature for 1 h and at room temperature for 1 d. Next, the mixture was filtered through Celite and the filtrate was concentrated in vacuo. After dilution of the residue in EtOAc (50 mL), the organic layer was washed with water (50 mL x 3) and brine (50 mL), dried over Mg 2 SO 4 , and concentrated in vacuo to dryness to afford the mixture of ethyl 3,4,6-tri-O-acetyl 2-bromo-2-deoxy-Dglycosides as a colorless liquid (mixture of 2 and 3, 0.17 g, 0.43 mmol, 86%). Yield of 2 and 3 was calculated by 1 H-NMR, and NMR data were already reported [2] . 
General procedure for the preparation
General
